Tetrachloroauric (III) acid tetrahydrate (>47.5% for gold) were obtained from TANAKA HOLDINGS Co., Ltd.. 1,3-Bis(diphenylphosphino)propane (dppp, 97%), 4-mercaptopyridine (95%), 2-mercaptopyridine (99%) and 4-nitrobenzenethiol (85%) were obtained from Aldrich. Benzenethiol (98%), 3-hydroxypyridine (98%), dimethylcarbamothioic chloride (97%) and methanesulfonic acid (99%) were obtained from TCI. Methanol-d 4 and dicholomethane-d 2 were obtained from Euriso-top. Triphenylphosphine (97%), sodium tetrafluoroborate (98%), hydrofluoroboric acid (42%), sodium hydride (72%), N,N-dimethylformamide (99.5%), diphenyl ether (99%), sodium methoxide (95%) and 2-aminoethanol (99%) were obtained from Wako Pure Chemical Industries. Methanol (99.5%), dichoromethane (99%) and diethyl ether (99%) were obtained from Kanto Chemicals. All the above reagents were used as received. [Au 8 (dppp) 4 ](NO 3 ) 2 was prepared by four steps from tetrachloroauric acid according to procedures reported previously. 
I. Experimental

A. Materials
Tetrachloroauric (III) acid tetrahydrate (>47.5% for gold) were obtained from TANAKA HOLDINGS Co., Ltd.. 1,3-Bis(diphenylphosphino)propane (dppp, 97%), 4-mercaptopyridine (95%), 2-mercaptopyridine (99%) and 4-nitrobenzenethiol (85%) were obtained from Aldrich. Benzenethiol (98%), 3-hydroxypyridine (98%), dimethylcarbamothioic chloride (97%) and methanesulfonic acid (99%) were obtained from TCI. Methanol-d 4 and dicholomethane-d 2 were obtained from Euriso-top. Triphenylphosphine (97%), sodium tetrafluoroborate (98%), hydrofluoroboric acid (42%), sodium hydride (72%), N,N-dimethylformamide (99.5%), diphenyl ether (99%), sodium methoxide (95%) and 2-aminoethanol (99%) were obtained from Wako Pure Chemical Industries. Methanol (99.5%), dichoromethane (99%) and diethyl ether (99%) were obtained from Kanto Chemicals. All the above reagents were used as received. [Au 8 (dppp) 4 ](NO 3 ) 2 was prepared by four steps from tetrachloroauric acid according to procedures reported previously. 1 
3-
Mercaptopyridine was prepared by four steps from 3-hydroxypyridine according to the literature procedure. 
B. Measurements
UV-visible absorption spectra were recorded using a JASCO V-670 double-beam spectrometer at 20°C. Photoluminescence and excitation spectra were recorded at 20 °C on a JASCO FP-6500 spectrofluorometer equipped with a Hamamatsu Photonics R928 photomultiplier tube detector. Electrospray ionization mass (ESI-MS) spectra were recorded on a Bruker microTOF-HS. Routine 1 H-and 31 P-NMR and 1 H-1 H COSY NMR spectra were collected in CD 3 OD/CD 2 Cl 2 (50/50 v/v) at ambient temperature on a JEOL EX-400 NMR spectrometer, and the chemical shifts (in ppm) were referenced to residual CH n D 3-n OD (δ = 3.31 for 1 H) and 85% H 3 PO 4 (external standard, δ = 0.00 for 31 P). Variable temperature 1 H-NMR spectra were measured in CD 3 OD. Single crystal data were collected on a Bruker SMART Apex Ⅱ CCD diffractometer with graphitemonochromated MoKα radiation (λ = 0.71073 Å). The crystal structure was solved by direct methods (SHELXS-2013) 3 and refined by full-matrix least-squares methods on F 2 (SHELXL-2014) 3 with APEX Ⅱ software. Non-hydrogen atoms were refined anisotropically. Hydrogen atoms were located at calculated positions and refined isotropically. Highly disordered solvent molecules and counter anions in the crystal of 4' were treated with SQUEEZE routine of PLATON. 2 (30 mg, 9.0 µmol) was added benzenethiol (2.0 mg, 18.0 µmol), and mixture was stirred at room temperature under air and room light. After 10 min, the solution was evaporated to dryness to give a pinkish solid, which was purified by vapor diffusion of ether into a cluster solution in methanol to give [Au 8 (dppp) 4 4 ) 4 : To a methanolic solution (10 ml) of [Au 8 (dppp) 4 (S(4-py)) 2 ](NO 3 ) 2 (10 mg, 2.80 µmol) was added sodium tetrafluoroborate. After 10 minutes, the resulting precipitate was collected by filtration and washed methanol (2 × 20 ml) to give a pinkish solid, which was further purified by vapor diffusion of hexane into a cluster solution in methanol/dichloromethane (50 / 50 v/v) with aq. HBF 4 Fig. S1 . ORTEP drawing of 4. Thermal ellipsoids are drawn at the 50% probability level. 
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